Introduction
Head and neck carcinomas, which are derived from the oral and pharyngeal squamous epithelium, are a group of malignancies that includes the tumors of the larynx, hypopharynx, oropharynx, nasopharynx, paranasal sinuses and the oral and nasal cavity (1) . Nasopharyngeal carcinoma (NPC) is prevalent in Africa and East Asia, particularly in the southern areas of China, with an estimated morbidity of 20-50 cases per 100,000 individuals per year globally in 2002 (2, 3) . Epstein-Barr virus infection, tobacco use and genetic susceptibility are considered to contribute to the pathogenesis of NPC (4) . At present, radiotherapy is the primary therapeutic approach for patients with early-stage NPC, whereas concomitant radio and chemotherapy is the standard treatment protocol for local advanced NPC (5) . In spite of the development of therapeutic strategies, the prognosis of patients with NPC remains poor (6) . The primarily reasons for treatment failure in patients with NPC are local recurrence and local or distant metastasis (7) . Therefore, clarification of the mechanisms underlying the progression of NPC, which may provide novel therapeutic targets for patients with this disease, is urgent.
MicroRNAs (miRNAs/miRs) are single-stranded, short non-coding RNA molecules, containing 22-25 nucleotides (8); they post-transcriptionally regulate gene expression through base pairing to the 3' untranslated regions (3'UTRs) of their target genes, causing translational inhibition or mRNA degradation, thereby decreasing protein expression (9) . A number of studies have demonstrated that miRNAs serve notable roles in tumorigenesis and tumor development through the regulation of a variety of pathways in physiological and pathological processes, including tumor cell proliferation, cycle, differentiation, angiogenesis, invasion and metastasis (10) (11) (12) . Aberrant expression of miRNAs has been observed in numerous types of human cancer, including NPC (13) . In addition, an increasing number of studies have indicated that miRNAs may be involved in NPC formation and progression. For example, miR-338 is expressed at low levels in NPC, and inhibits tumor cell proliferation and migration by negative regulation of hypoxia-induced factor-1α (14) . miR-205, which is upregulated in NPC, enhanced cell growth, metastasis and induced apoptosis through directly targeting the tumor protein p53-inducible nuclear protein (15) . Therefore, miRNAs may have potential to facilitate the development of novel therapeutic biomarkers for the diagnosis, therapy and prognosis of human cancer owing to their tissue-and disease-specific expression and regulatory functions (16, 17) .
The deregulation of miR-342 has been identified in multiple types of cancer (18) (19) (20) (21) (22) (23) . However, to the best of our knowledge, there is no data concerning miR-342 in NPC. The present study aimed to measure miR-342 expression in NPC MicroRNA-342 inhibits cell proliferation and invasion in  nasopharyngeal carcinoma by directly targeting ZEB1   XIAONING ZHU   1   , WEI LI  2 , RENXIAN ZHANG  1 and YUTAO LIU and investigate its functions in NPC initiation and progression, in addition to the underlying molecular mechanisms. ), 100 U/ml penicillin, and 100 U/ml streptomycin. The immortalized normal nasopharynx epithelial NP69 cells was obtained from the ATCC and cultured in keratinocyte-serum-free medium (Thermo Fisher Scientific, Inc.) supplemented with 30 µg/ml bovine pituitary extract (BD Biosciences, San Jose, CA, USA). All cell lines were maintained in an atmosphere of 5% CO 2 at 37˚C. miR-342 mimics, negative control (NC) mimics, zinc finger E-box-binding homeobox 1 (ZEB1) and NC small interfering RNA (siRNA) were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China). The miR-342 mimics sequence was 5'-UCU CAC ACA GAA AUC GCA CCC GU-3' , and the NC sequence was 5'-UUC UCC GAA CGU GUC ACG UTT-3'. The ZEB1 siRNA sequence was 5'-AAC UGA ACC UGU GGA UUA U-3' and the NC siRNA sequence was 5'-UUC UCC GAA CGU GUC ACG UTT-3'. SUNE1 cells were seeded into 6-well plates with a density of 8x10 5 cells per well and incubated in an atmosphere of 5% CO 2 at 37˚C. When the cells reached 60-70% confluence, transient transfection was performed using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Following transfection for 48 h, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to detect miR-342 expression. MTT and Transwell invasion assays were conducted at 24 and 48 h post transfection. Western blotting analysis was performed at 72 h following transfection.
Materials and methods

Clinical tissues.
RT-qPCR. Total RNA was extracted from homogenized tissues and cells (SUNE1, 5-8F and NP69) using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). A Moloney-Murine Leukemia Virus Reverse Transcription system (cat no. M1701; Promega Corporation, Madison, WI, USA) was used to synthesize the cDNA according to the manufacturer's protocol. For miR-342 expression, qPCR was conducted using a Hairpin-it™ miRNAs qPCR Quantitation kit (Shanghai GenePharma Co., Ltd.), with U6 as an internal control. The thermocycling conditions for qPCR were as follows: 95˚C for 3 min, followed by 40 cycles of 95˚C for 12 sec and 58˚C for 40 sec. SYBR Green PCR Master Mix (Takara Biotechnology Co., Ltd., Dalian, China) was employed to measure ZEB1 mRNA expression, with β-actin as an internal control. The thermocycling conditions for qPCR were as follows: 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The primers were designed as follows: miR-342 forward, 5'-GTG CTA TCT GTG ATT GAG GGA'-3 and reverse, 5'-CGG GTG CGA TTT CTG TG'-3; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; ZEB1 forward, 5'-CTC GAG CAT TTA GAC ACA AGC G-3' and reverse, 5'-TTG CCC TTC CTT TCC TGT GT-3'; β-actin forward, 5'-ATG GGT CAG AAG GAT TCC TAT GTG-3' and reverse, 5'-CTT CAT GAG GTA GTC AGT CAG GTC-3'. The relative expression of miR-342 and ZEB1 was calculated using the 2 -ΔΔCq method (25) .
MTT assay. At 24 h following transfection, cells were harvested and then seeded into 96-well plates at a density of 3x10 3 in each well. Cells were incubated in an atmosphere of 5% CO 2 at 37˚C for 1, 2, 3 and 4 days. An MTT assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was performed at each time point. Briefly, 20 µl MTT solution (5 mg/ml) was added into the cultured cells and incubated at 37˚C for an additional 4 h. The culture medium was removed carefully and 150 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added into each well. Absorbance at 490 nm was determined using an automatic multi-well spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All experiments were performed in triplicate.
Transwell invasion assay. Cell invasion ability was quantified using transwell apparatus (Costar; Corning Incorporated, Corning, NY, USA) coated with 50 ng/ml Matrigel (BD Biosciences, San Jose, CA, USA). At 48 h after transfection, cells were collected and suspended in FBS-free culture RPMI-1640 medium. A total of 1x10 5 cells were seeded into the upper chamber, and the bottom chamber was filled with 500 µl culture medium containing 10% FBS. Cells were incubated in an atmosphere of 5% CO 2 at 37˚C for 48 h. Cells remaining on the upper surface of the transwell apparatus were mechanically removed and the invaded cells were fixed in 4% paraformaldehyde at room temperature for 15 min, stained with 0.5% crystal violet at room temperature for 15 min and washed with PBS (Gibco; Thermo Fisher Scientific, Inc.). Values for the invasion ability were obtained by counting 5 random fields of cells/membrane under a light microscope (CKX41; Olympus Corporation, Tokyo, Japan) at a magnification, x200.
Bioinformatics analysis. Bioinformatics analysis was performed to predicate the potential targets of miR-342 using TargetScan (Release 6.0: November 2011; https://www. targetscan.org) and PicTar (last update: March 26, 2007;  http://pictar.mdc-berlin.de/). The search term used was has-miR-342-3p.
Western blotting. Transfected cells were harvested at 72 h post-transfection and lysed with Radioimmunoprecipitation Assay buffer with protease inhibitors (Cell Biolabs, Inc., San Diego, CA, USA). A Bicinchoninic Acid Assay kit (Pierce Biotechnology Inc., Rockford, IL, USA) was used to detect protein concentration. Equal amounts of protein (30 µg) were resolved by 10% SDS-PAGE and transferred onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Following blocking at room temperature for 1 h with 5% non-fat milk in TBS containing 0.1% Tween-20 (TBST), the membranes were incubated with primary antibodies against ZEB1 (1:1,000 dilution; cat. no., sc-81428; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and GADPH (1:1,000 dilution; cat. no., sc-81545; Santa Cruz Biotechnology, Inc.) at 4˚C overnight. Following this, the membranes were washed with TBST three times and blotted with horseradish peroxidase-conjugated secondary antibody (1:5,000 dilution; cat. no., sc-2005; Santa Cruz Biotechnology, Inc.) at room temperature for 1 h. The protein bands were developed using chemiluminescence detection reagents (Pierce; Thermo Fisher Scientific, Inc.) and analyzed using Quantity One software version 4.62 (Bio-Rad Laboratories, Inc.).
L u c i f e ra s e re p o r t e r a s s a y.
A w i ld -t y p e ( Wt) ZEB1 3'-UTR containing the binding sequences of miR-342 (psiCHECK-ZEB1-3'UTR Wt) and a mutant type (Mut) ZEB1 3'-UTR lacking the binding sequences of miR-342 (psiCHECK-ZEB1-3'UTR Mut) were synthesized by Shanghai GenePharma Co., Ltd. 293T cells (ATCC) were seeded into 24-well plates at 40-50% confluence. Subsequent to adherence, 293T cells were transfected with miR-342 mimics or NC, along with psiCHECK-ZEB1-3'UTR WT or psiCHECK-ZEB1-3'UTR MUT, using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, transfected cells were collected and the luciferase activities were determined by a Dual-Luciferase ® Reporter Assay system (Promega Corporation) following the manufacturer's protocol. Renilla luciferase activity was used for normalization.
Statistical analysis. Results were expressed as the means ± standard deviation and compared with paired Student's t-tests or one-way analysis of variance using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). Student-Newman-Keuls test was used as a post hoc test. Spearman correlation analysis was used to explore the association between miR-342 and ZEB1 mRNA in NPC tissues. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-342 is downregulated in NPC tissues and cell lines.
Firstly, the miR-342 expression level in human NPC tissues and normal nasopharyngeal epithelium specimens was measured using RT-qPCR. As demonstrated in Fig. 1A , miR-342 expression was significantly downregulated in NPC tissues compared with normal nasopharyngeal epithelium specimens (P<0.05). In addition, the expression levels of miR-342 in the NPC SUNE1 and 5-8F cell lines and immortalized normal nasopharynx epithelial NP69 cell line were detected. The results demonstrated that miR-342 expression in the NPC cell lines was reduced in comparison with the NP69 cells ( Fig. 1B; P<0.05 ). In addition, the associations between miR-342 expression and clinicopathological factors of patients with NPC were investigated. As summarized in Table I , low miR-342 expression was markedly associated with distant metastasis (P= 0.005) and TNM stage (P= 0.010). However, there was no significant association with gender (P=0.815) or age (P=0.250) in NPC.
miR-342 suppresses cell proliferation and invasion of NPC.
As miR-342 was expressed at low levels in NPC, miR-342 may serve important roles in NPC initiation and progression. To confirm this hypothesis, SUNE1 cells were transfected with miR-342 mimics or NC. Following transfection for 48 h, data from the RT-qPCR assay indicated that the levels of miR-342 were markedly increased in the SUNE1 cells transfected with miR-342 mimics ( Fig. 2A; P<0 .05). To evaluate the biological functions of miR-342 in NPC cell proliferation and invasion, MTT and transwell invasion assays were performed. The MTT assay demonstrated that the ectopic expression of miR-342 suppressed the proliferation of SUNE1 cells ( Fig. 2B; P<0 .05). Consistent with this, cell invasion was markedly reduced in SUNE1 cells transfected with miR-342 mimics, compared with those transfected with the NC (Fig. 2C; P<0 .05). These 
ZEB1 is a direct target of miR-342 in NPC.
To investigate the mechanisms by which miR-342 inhibits the cell proliferation and invasion of NPC further, bioinformatics analysis was performed to identify the potential targets of miR-342. Among these putative targets, ZEB1 was selected for additional analysis (Fig. 3A) as it had previously been demonstrated to contribute to multiple cellular processes, including cell growth, apoptosis, migration, invasion, metastasis, tumor development and tumor progression (26) (27) (28) (29) (30) . To validate whether ZEB1 is a direct target of miR-342, a luciferase reporter assay was conducted. miR-342 mimics or NC, along with luciferase reporter vectors were transfected into 293T cells. The results demonstrated that there was a significant decrease in luciferase activities in psiCHECK-ZEB1-3'UTR WT but not in psiCHECK-ZEB1-3'UTR MUT following the transfection with miR-342 mimics ( Fig. 3B; P<0 .05). To confirm the regulatory effect of miR-342 on ZEB1 expression, RT-qPCR and western blotting were performed to determine ZEB1 expression in SUNE1 cells in response to the changes in miR-342 overexpression. The results indicated that restoration of miR-342 expression decreased ZEB1 expression at the mRNA and protein levels in SUNE1 cells ( Fig. 3C and D; P<0.05).
ZEB1 expression was additionally detected in NPC tissues and normal nasopharyngeal epithelium specimens. As indicated in Fig. 3E , ZEB1 mRNA was significantly upregulated in NPC tissues in comparison with normal nasopharyngeal epithelium specimens (P<0.05). Additionally, the association between ZEB1 mRNA and miR-342 expression levels was evaluated in NPC tissues. Spearman correlation analysis indicated that there was a negative correlation between miR-342 and ZEB1 mRNA expression ( Fig. 3F ; r= 0.5127; P= 0.0001). Collectively, these results demonstrated that ZEB1 is a direct target of miR-342 in NPC.
ZEB1 is involved in the regulation of NPC cell proliferation
and invasion by miR-342. ZEB1 was validated as a direct target of miR-342 in NPC in the present study; therefore, we hypothesized that ZEB1-knockdown may mimic the suppressive functions of miR-342 in NPC. To confirm this assumption, ZEB1 siRNA was introduced into SUNE1 cells to reduce its expression ( Fig. 4A; P<0.05) . Subsequently, the MTT and transwell invasion assays indicated that the downregulation of ZEB1 inhibited proliferation ( Fig. 4B; P<0 .05) and invasion ( Fig. 4C; P<0 .05) of SUNE1 cells. These results indicated that miR-342 inhibits cell proliferation and invasion of NPC by suppressing its target gene, ZEB1. Table I . Association between miR-342 expression and clinicopathological parameters in nasopharyngeal carcinoma. TNM, Tumor-Node-Metastasis; miR-320, microRNA-320.
Discussion
miR-342 has been previously demonstrated to be abnormally expressed in several types of tumors (18) (19) (20) (21) (22) (23) . In colorectal cancer, miR-342 was significantly downregulated in tumor tissues and cell lines (31) . In breast cancer, the expression levels of miR-342 were demonstrated to be deregulated and markedly associated with estrogen receptor, human epidermal growth factor receptor 2 and vascular endothelial growth factor expression (18) (19) (20) . In cervical cancer, miR-342 was expressed at low levels in tumor tissues (21) . miR-342 was demonstrated to be downregulated in hepatocellular carcinoma (32) and lung cancer (22, 23) . However, miR-342 was identified to be highly expressed in multiple myeloma (33) . In the present study, the results revealed that miR-342 expression was lower in NPC tissues and cell lines compared with that in normal nasopharyngeal epithelium specimens and the immortalized normal nasopharynx epithelial NP69 cell line. The expression levels of miR-342 were significantly associated with distant metastasis and TNM stage in patients with NPC. Therefore, miR-342 may contribute to tumorigenesis and tumor development, and may have a diverse expression pattern depending on the type of cancer.
mir-342 has previously been identified to generally serve important roles in several types of human cancer (21, 31, 32) : For example, Wang et al (31) indicated that the ectopic expression of miR-342 induced the significant inhibition of colorectal cancer cell proliferation and invasion by the negative regulation of DNA (cytosine-5)-methyltransferase 1. A study by Li et al (21) indicated that the restoration of the expression of miR-342 targeted forkhead box protein M1 to inhibit cervical cancer cell growth and metastasis. Zhao et al (32) revealed that miR-342 overexpression repressed cell proliferation in hepatocellular carcinoma through targeting transforming growth factor-β activated kinase 1/mitogen-activated protein kinase kinase kinase 7 binding protein 2 (TAB2) and TAB3, consequently regulating the NF-κB pathway. Xie et al (22) demonstrated that, in non-small cell lung cancer, the upregulation of miR-342 markedly suppressed cell proliferation and invasion in vitro, and decreased tumor growth in vivo, via the blockage of Ras-related protein Rap-2b. Xu et al (23) revealed that miR-342 re-expression reduced cell proliferation of small cell lung cancer by directly targeting islet antigen-2. Together, these data indicated that miR-342 may provide a novel therapeutic target for the treatments of these types of cancer.
The mechanisms underlying how miR-342 affects cancer initiation and progression have been described previously in several types of human cancer (21, 31, 32) . In the present study, ZEB1 was validated as a novel target of miR-342. First, bioinformatics analysis predicted that ZEB1 mRNA contained a miR-342 seed match at position 488-494 of the ZEB1 3'UTR. Second, the luciferase reporter assay demonstrated that miR-342 directly targeted the 3'UTR of ZEB1 mRNA. Third, RT-qPCR and western blotting indicated the negative regulation of miR-342 on ZEB1 mRNA and protein expression in NPC. Fourth, an inverse correlation was observed between ZEB1 mRNA and miR-342 expression in NPC tissues. Finally, ZEB1-knockdown attenuated cell proliferation and invasion of NPC, which was similar with the function induced by miR-342 overexpression. These results demonstrated that miR-342 may exhibit tumor-suppressive roles in NPC formation and progression by targeting ZEB1.
ZEB1, a member of the zinc finger family, is located on the short arm of human chromosome 10 (34). The expression level of ZEB1 has been demonstrated to be upregulated in various types of human cancer, including colorectal (35) , thyroid (36) , cervical (37) , gastric (27) and bladder cancer (38) . A number of studies have suggested that ZEB1 may be involved in a large number of cellular processes, including cell growth, apoptosis, migration, invasion, metastasis, tumor development and tumor progression (26) (27) (28) (29) (30) . In the present study, it was identified that ZEB1 was significantly upregulated in NPC tissues. The downregulation of ZEB1 suppressed cell proliferation and invasion of NPC. Therefore, targeting ZEB1 may be an efficient strategy for NPC therapy. Previous studies have also identified that ZEB1 was regulated by various miRNAs in human cancer (39) (40) (41) . In a previous study, miR-429 was reported to be downregulated in NPC and to suppress cell migration and invasion through targeting ZEB1 (42) . Collectively, these results indicate that the miR-342/ZEB1 axis warrants investigation as a potential target of therapy to prevent the rapid growth and metastasis of NPC.
In summary, the present study demonstrated that miR-342 expression was reduced in NPC tissues and cells, and its tumor suppressive roles in NPC growth and invasion were mediated by direct targeting of its target ZEB1. miR-342 may be a useful potential therapeutic target in NPC. 
